Context: Since national risk reduction campaigns have been conducted, sudden infant death syndrome (SIDS) has become increasingly concentrated among disadvantaged families, including those affected by mental illness. However, causal mechanisms specific to this group are poorly understood.
less, linked Swedish registers enabled us to study SIDS risk with parental mental illness in the context of important clinical and social risk factors, such as maternal smoking, obstetric factors, and social adversity, using a larger and richer data set than previously available. We aimed to (1) replicate Danish findings of elevated risk with any maternal or paternal admission, particularly if both parents had been admitted for any psychiatric reason or the mother was diagnosed as having an alcohol/ drug disorder 8 We hypothesized that risk factors (particularly maternal smoking and social adversity) would be more common in this group, and that they would partly explain higher risks associated with parental mental illness. We predicted relative risks to be higher in the later years of the study period, in line with falling rates overall and an increasing concentration of risk factors and cases among disadvantaged families. 1 Finally, we expected higher risks among infants whose mothers had last received inpatient psychiatric care in the year preceding birth (indicating serious ongoing illness) rather than at some earlier time. Initially, we derived a cohort of all live births from January 1, 1978, through December 31, 2004 (N=2.69 million). Linkage to the Medical Birth Register was 99.4% complete and, as in other studies, [7] [8] [9] [10] we excluded multiple births (2.5%) because of lack of statistical independence among these sets. Infants who did not complete a full year of follow-up because of emigration (0.3%) were excluded to avoid survival-time bias in our logistic regression models. We excluded infants whose mother or father did not reside in Sweden during the entire 5-year period before December 31, 1977 (4.5%), to ensure that we had complete recent psychiatric inpatient histories for all parents. This approach, as opposed to excluding infants whose parent or parents were born abroad, meant that immigrants were retained in the analyses to a representative degree. We conducted our final analyses on 2 480 320 live births. 20 we extracted these data according to the earliest available measurement year before the infant's birth, and we derived variables only for mothers who reached 20 years of age in that year to ensure their complete eligibility for the measure. Social welfare data were applied to births from January 1, 1986, onward (96.8% complete), and maternal educational data were applied to births from January 1, 1992 (93.9% complete), with a low level defined as failure to complete upper secondary schooling. In the early 1990s, approximately 70% of the Swedish population completed this level (reaching 80% by 2000).
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Statistical analyses were performed with Stata software, version 10 (StataCorp, College Station, Texas). Exposure was defined stringently so that first maternal/paternal admission must have occurred before the infant's birth. Risks were calculated as number of deaths at 0 to 364 days by number of live births per 1000. We fitted unconditional logistic regression models because, with rare outcomes, the odds ratios derived are equivalent to relative risk estimates. 21 Multiple SIDS events per family were very rare (0.5% of all cases in the cohort). Nonetheless, standard errors were corrected for any sibship-clustering effects by means of the Huber-White estimator. 22 For effect estimates calculated with sparse data (Յ10 exposed deaths), we applied conservative exact confidence intervals. A total of 1531 SIDS cases occurred in the whole cohort at a rate of 0.6 per 1000 live births. In 11.2% of all cases there had been at least 1 parental psychiatric inpatient admission before the birth (with almost half of this group having been admitted for alcohol/drug disorders). There were 118 cases (1.7 per 1000 live births) with maternal admission histories and 82 cases (1.3 per 1000 live births) with paternal admission histories. Our analyses excluded the few cases in which first parental admission occurred between the infant's birth and death (maternal, 6 cases; paternal, 3 cases). Table 1 shows relative risks of SIDS estimated as odds ratios. An elevated risk was seen for maternal and for paternal admission with any psychiatric diagnosis, and there was an approximate 7-fold increase if both parents were admitted. Table 1 also presents relative risks linked with specific parental diagnostic groups. There was no significant evidence of higher risk with maternal or paternal nonaffective psychoses. We also examined parental affective psychoses (results not presented), but there were too few SIDS cases for relative risk estimation (maternal, 2 cases; paternal, 1 case). Significantly higher risks were seen with parental alcohol/drug disorders (with a 6.5-fold higher risk linked to maternal admission). The greatest risk (4.8 per 1000 live births) was seen if both parents were admitted with alcohol/drug disorders: a 9.5-fold increase vs the general population. There was also a 2-fold elevated risk among infants with mothers or fa- thers admitted for any psychiatric diagnosis other than alcohol/drug disorders. If both parents had admission histories without alcohol/drug disorders, a more than 5-fold higher risk was seen.
RESULTS
SIDS RISKS BY PARENTAL ADMISSION HISTORY AND DIAGNOSTIC GROUP
RISKS STRATIFIED BY YEARS SINCE LAST MATERNAL INPATIENT EPISODE BEFORE BIRTH
Among infants with mothers admitted for any psychiatric diagnosis, an elevated risk of 1.8 per 1000 live births was found with last maternal episode within a year and 1 to 4 years of the infant's birth, with risk falling only slightly to 1.6 per 1000 live births if the last episode was 5 or more years before the birth ( Table 2) . With adjustment for period effects, the relative risk was at least 3 in each time stratum. Categorizing maternal admissions into 2 broad diagnostic groups (alcohol/drug disorders vs all other psychiatric illnesses) produced divergent trends in relative risk by timing of the last episode. For infants whose mothers were admitted with alcohol/ drug disorders, risk was highest if the last episode was within a year of the birth and lowest if it was 5 years or more previously, and vice versa among infants whose mothers had been admitted with other types of psychiatric illness. Although neither diagnostic groupspecific test was significant, the interaction term indicated differential trends in risk over time since last episode between these groups (P = .05).
RISK FACTOR PREVALENCE
BY EXPOSURE GROUP Table 3 shows prevalence across the study period (or for all years with available data). Risk of SIDS was no higher among infants whose mothers or fathers were born abroad, or for those born in the 3 largest cities, and so these variables were discounted as risk factors in this cohort. There was a somewhat higher prevalence of obstetric risk factors with parental mental illness compared with the general population. The prevalence of having at least 1 obstetric risk factor was 21.8% in infants with mothers admitted for any psychiatric reason and 24.8% in those with 2 admitted parents, compared with 15.9% among infants with neither parent admitted. There was a markedly higher prevalence of maternal smoking at antenatal booking and of social adversity, especially with both parents admitted (or with maternal alcohol/drug disorder). We also assessed maternal smoking rates at booking among infants whose fathers had been admitted (results not shown in Table 3 ); maternal smoking was almost as prevalent in this group (38.6%) as in the all maternal admissions group (41.1%). Among infants with 2 admitted parents (and with mothers admitted for alcohol/drug disorders), smoking at booking was approximately 3 times more common than in the general population, and prevalence of adverse social circumstances (parents not cohabiting at booking, low maternal educational attainment, social welfare receipt) was between 4 and 7 times higher. With such a large sample size, the prevalence was significantly higher (PϽ.001) among the exposed groups (mother admitted or both parents admitted) than the unexposed groups (mother not admitted or neither parent admitted) for each of the risk factors shown in Table 3 , with the exception of male infant sex.
ASSESSMENT OF EFFECT MODIFICATION BY TIME PERIOD AND BY FAMILY ENVIRONMENT
The prevalence of risk factors declined after the national risk reduction campaign. The maternal smoking rate at antenatal booking fell by almost half in the general population, whereas in the exposed groups, even from higher baseline rates, there was a smaller percentage reduction. The highest-risk groups saw the smallest percentage reductions between periods: for example, both parents admitted (18.5% reduction) compared with neither parent admitted (49.0%). Rates of maternal smoking and social adversity were high during both periods if 2 parents were admitted or if the mother was treated for an alcohol/drug disorder. Thus, in the period after the campaign, more than half of the mothers in these 2 high-risk groups reported smoking at booking. Table 4 shows strong effect modification by period of birth. Among infants with any parental psychiatric admission history (mother, father, or both parents), the relative risk increased significantly after the campaign. Maternal and paternal effects showed a more than 4-fold higher risk in the later period. In the earlier period there had been a parental admission before the birth in 8.0% of all SIDS cases, whereas after the campaign this figure rose to 20.1%. The increase in relative risk was especially marked if both parents were admitted (with the odds ratio increasing from 3.9 to 14.8).
Parental mental illness and greater maternal burden may interact to produce even higher risk. For example, SIDS risk could be especially elevated with mentally ill single mothers or with those caring for more than 1 child. We therefore tested for effect modification (of the maternal admission effect) by parity greater than 1 and by parents not cohabiting, but in both cases the interaction term was not close to being significant (P=.91 and P=.76, respectively).
CONFOUNDING BY OBSTETRIC FACTORS, MATERNAL SMOKING, AND SOCIAL ADVERSITY
We assessed the obstetric factors separately, and each one had minimal confounding effect. However, maternal smoking at antenatal booking had a considerable confounding influence, and the strength of this effect was greater during 1992 through 2004 than during 1983 through 1991. The results presented in Table 5 relate to maternal admissions only, but, during 1992 through 2004 and with both parents admitted, the adjustment for maternal smoking was stronger still: from an odds ratio of 14.1 to 5.6. Social adversity also had some additional confounding effect. We adjusted for maternal smoking plus 1 social adversity measure (parents not cohabiting, social welfare receipt, or low educational attainment) in the same model. In each case these combined adjustments reduced the odds ratio with maternal admission by around a half, from an approximate 4-fold to a 2-fold increase in risk. Additional multivariate analyses were fitted with combined adjustment for smoking, multiple social adversity measures, and low birth weight or at least 1 obstetric risk factor. These were flawed because of multiple zero cell Abbreviation: SIDS, sudden infant death syndrome. a SIDS risk in the whole national birth cohort (by period of birth, according to data availability). b With the exception of male infant sex, each of the SIDS risk factors presented had significantly (P Ͻ .001) greater prevalence in the exposed populations (mother admitted or 2 parents admitted) than in the respective reference groups (mother not admitted or neither parent admitted).
c Risk factor data are 99% to 100% complete except for head circumference (96.4%), smoking (93.9%), parental noncohabitation (93.7%), social welfare receipt (96.8%), and education (93.9%).
d At least 1 of the following factors: maternal age younger than 20 years, prematurity, low birth weight, small for gestational age, small head circumference, and low Apgar score at 1 or 5 minutes.
e Data are restricted to maternal age 20 years or older in the year in which the risk factor was measured. counts with sparse event data, and sizeable proportions of missing data when several incomplete covariates were combined, and so they are not presented herein. However, as with the more robust models shown in Table 5 , they suggest an adjusted odds ratio of approximately 2 in each case. Thus, even with multiple confounder adjustment, a considerable degree of residual confounding by unmeasured factors was indicated.
COMMENT
KEY FINDINGS
In a 27-year national birth cohort, we found significantly higher SIDS risks among infants whose mothers or fathers had received psychiatric inpatient care. A particularly high risk was seen if both parents had been admitted for any psychiatric reason or if the mother, or both parents, had been diagnosed as having an alcohol/drug disorder. Additional analyses (not presented herein) showed that maternal, but not paternal, alcohol/drug disorders were also linked with elevated risk of infant death owing to all other natural causes, and of unnaturalcause death, albeit with smaller effect sizes. Furthermore, a 2-fold elevation in SIDS risk with parental psychiatric admission with illnesses other than alcohol/ drug disorders was also indicated. Thus, there was no evidence of specificity in the association between parental alcohol/drug disorders and higher SIDS risk. We found no evidence of higher risk with parental affective or nonaffective psychoses, perhaps because of a lack of power to detect modest effect sizes in these groups. In relation to all admitted mothers, a consistent 3-fold increase in risk was seen irrespective of whether the last inpatient episode had occurred within a year of the birth or some years previously. , 16%) , indicating a population-attributable fraction of more than 30%. However, causality cannot be established from these study designs, and so these estimates should be treated cautiously. 23 Known SIDS risk factors in the general population, particularly maternal smoking in early pregnancy and social adversity measures, continued to cluster strongly in families with parental mental illness after the Swedish national campaign. Thus, rates of maternal smoking fell in all groups, but to a far lesser extent with maternal or paternal admission, and smoking prevalence remained high if both parents had been admitted or if the mother had an alcohol/drug disorder. In the later period, maternal smoking in early pregnancy and individual social adversity measures jointly accounted for approximately half the excess risk associated with maternal psychiatric admission. The confounding effects of obstetric risk factors, however, remained marginal throughout the study period. Our multivariate adjustments did not account for important unmeasured confounders, but there may also have been some overadjustment if worsening social adversity and failure to quit smoking lie directly on a causal pathway between mental illness and higher SIDS risk.
As in other developed countries, Swedish national SIDS rates have declined in recent decades
These findings are only partially consistent with previous evidence. A national Danish study also reported higher risk with parental admission, 8 and in both Denmark and Sweden there was a 7-fold elevation in risk if both parents had been admitted or the mother had an 
POSSIBLE CAUSAL MECHANISMS
Our study gives new insight into possible reasons for higher SIDS risk among infants with mentally ill parents. Our measures of social adversity, including single parenthood, low levels of educational attainment, and social welfare receipt, had some confounding influence. Consistent with our findings, a recent systematic review found that low socioeconomic position is an independent predictor of SIDS risk. 26 Our results show that relative social differences have an important confounding effect, even in an affluent country like Sweden. 17 Socioeconomic position could act as a marker for unmeasured causal mechanisms in 2 ways. First, key health promotion messages may currently be communicated in such a way that they mainly reach bettereducated parents. 27 Second, psychosocial stress may prevent parents from acting on key safety messages. For example, highly stressed parents may have difficulty coping if their infant's sleeping pattern becomes disrupted when placed in the supine position, 28,29 and they may also find it harder to stop smoking. We assessed 2 potential markers of heightened maternal burden (caring for more than 1 child and single parenthood), but neither modified the effect of maternal admission in this cohort. Even if the last maternal psychiatric admission had been 5 or more years before the birth of the infant, we found that risk remained significantly elevated. This could mean that severe mental illnesses had not remitted among affected mothers experiencing long periods without inpatient care before the birth, or it could reflect more general psychosocial adversities encountered by these families. Thus, intractable social problems, rather than effects directly linked with acute psychopathologic factors around the time of childbirth, might underpin much of the elevated risk.
With widespread adoption of the supine sleeping position for infants, maternal antenatal smoking is now the major SIDS risk factor in the general population. 25 ,30,31 It had a major influence throughout our study period, although its confounding effect became stronger after the national risk reduction campaign. The campaign emphasized the importance of smoking cessation as well as sleeping position, but more than a third of women with psychiatric histories reported smoking in 1992 through 2004 (and the prevalence was higher still if both parents had been admitted or if the mother had an alcohol/drug disorder). Our only smoking measure was based on maternal self-report at antenatal booking. One study reported that only 30% of Swedish women stop smoking after their first antenatal visit, 32 and so the increased prevalence we report may apply throughout pregnancy and infancy (albeit at a somewhat lower level). It is difficult to disentangle prenatal vs postpartum smoking effects because most infants are exposed during both periods. The Nordic Epidemiological SIDS Study indicated that the effect is specific to maternal smoking in pregnancy, and that infants' exposure to parental smoking after birth is unlikely to have a major influence. 25 Infants in that study had a 4-fold higher risk with prenatal or postpartum exposure to maternal smoking, but there was no effect of paternal smoking postpartum without maternal smoking in pregnancy (odds ratio, 0.8). Several mechanisms could explain the prenatal smoking effect, including reduced oxygen and nutrient availability to the fetus, altered ventilatory and awakening responses to hypoxia, decreased lung volume and compliance, poorer development of the neonatal airway, impairment of the immune system, and greater susceptibility to airway infections and other diseases.
2,25,33 An estimated one-third of all SIDS cases might be prevented if in utero smoking exposure was eliminated. 34 
STRENGTHS AND LIMITATIONS
Important strengths of our study include record linkage between multiple national registers, a large sample size for investigation of rare exposures and outcomes, absence of information or recall bias, and complete followup. In particular, the Swedish registers combined vital statistics data (births, deaths, and parent-infant linkage) with clinical data (obstetric and psychiatric) and sociodemographic measures. Assessment of all types of admitted parental psychiatric illnesses enabled us to conduct a comprehensive investigation of this rare outcome, compared with previous Swedish studies that have focused on parental schizophrenia but have lacked power to investigate SIDS as a specific cause of death.
9,35
The study had 2 main limitations. First, we were unable to measure some key modifiable risk factors, especially prone infant sleeping position 36 and infant bed sharing with parents who smoke or who are intoxicated with alcohol. 37 Important contextual factors like these are commonly missing from registry studies. 38 However, our findings concerning prenatal maternal smoking and social adversity suggest that the prevalence of the unmeasured risk factors may also be higher in these parents. Second, our measures were imperfect. We used a broad definition of parental mental illness (all inpatient admissions) including alcohol/drug disorders, but our results cannot be generalized to the far larger community-treated psychiatric population. Equivalent information is not available in Sweden, but a Danish validation study indicated that alcohol/drug disorders are significantly underdiagnosed in their national psychiatric register. 39 The social adversity covariates were measured at 5-year intervals only, and their confounding effects may therefore be underestimated. A greater concern is potential misclassification of cause of death 40 without retrospective verification. However, Swedish classification is comparatively accurate because virtually all infants dying outside of hospitals undergo forensic autopsy. 28 A previous national study reported that autopsies were performed on 97% of all babies with a SIDS diagnosis during 1983 through 1990, 10 
CONCLUSIONS
Standard SIDS risk reduction messages appear to be ineffective in reaching the most vulnerable families, including those with serious parental mental illness and especially those with alcohol/drug disorders. We recommend the delivery of tailored health education messages to mentally ill parents and parents-to-be, using client-focused approaches by trained staff. Professionals working in mental health, child health, and primary care should strive to provide continuing support to affected parents to help them take advantage of this advice. In particular, parents should be strongly encouraged and supported to stop smoking at antenatal booking and afterward. Families with 2 mentally ill parents will require particularly high levels of ongoing support. Smaller, but more detailed, retrospective case-control studies should be conducted to investigate the specific circumstances of death in families with parental mental illness, to further advance the findings from our large cohort study. Qualitative research is also needed to understand why risk factor prevalence remains so high among these parents. 
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